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ABSTRACT
Four major rock assemblages ranging from Precambrian to Lower 
Cretaceous occur in the Canyon Creek/Church Mountain area of 
northwestern Washington. Lithologic, structural, and fossil evidence were 
used to discriminate among the assemblages and to correlate them with the 
Chilliwack Group, the Nooksack Group, the Yellow Aster Complex, and a unit 
previously included in the Chilliwack Group, referred to here as the 
"chert/basalt unit." These assemblages were juxtaposed during middle 
Cretaceous tectonism along low angle and high angle faults. There is some 
evidence for additional structural deformation after the middle Cretaceous.
The Chilliwack Group, consisting of volcanic rocks, volcaniclastic 
rocks, and limestones, were found to dominate the four assemblages. 
Limited stratigraphic control is provided by three limestone units in the 
Chilliwack Group that have been dated on fossil evidence as Devonian, 
Mississippian-Pennsylanian, and Permian. On Mount Liumption, volcanic
rocks are in flow contact with the Mississippian-Pennsylvanian limestone 
unit. Similar relationships are seen on the north side of Church Mountain 
between volcanic rocks and a limestone of uncertain age. The
volcaniclastic rocks are laminated to thinly bedded siltstone and
argillite, and thickly bedded volcanic arenite and cobble conglomerate. 
The Chilliwack Group may be interpreted as a volcanic-arc assemblage.
The Upper Jurassic to Lower Cretaceous Nooksack Group is restricted to 
the southern portion of the study area. These stratified rocks consist of 
massive pebbly siltstone, volcanic arenite, cobble conglomerate, and minor 
andesitic volcanic rocks. Belemnite molds and Pleuromya and Buchia
1
fossils are fairly abundant in most lithologies of this group.
The Church Mountain fault, which is well exposed on the south face of
Church Mountain, separates the Chilliwack Group from the underlying
0
Nooksack Group. The northeast striking fault dips up to 75 to the 
northwest on Church Mountain, and flattens considerably a few kilometers to 
the northeast. The fault zone is manifested by mylonitized scaley 
argillite, sandstone boudins, and sporadic serpentinite. This fault has 
previously been mapped as a thrust (Misch, 1966), however its steep dip in 
the Church Mountain area raises some question as to this interpretation. 
More study is needed to determine the sense of motion along the fault. It 
could be a folded thrust fault, a strike-slip fault, or a normal fault.
Rocks of the Yellow Aster Complex exist as tabular fault-bounded 
bodies within the Chilliwack Group. These rocks consist of felsic gneiss 
that has been intruded by gabbro, diorite, quartz diorite, trondhjemite, 
granite, and greenstone. Serpentinite is commonly associated with the 
Yellow Aster Complex, but it is restricted to fault zones within and 
surrounding it.
Closely associated with the fault slabs of the Yellow Aster Complex, 
and occuring along the western margin of the area, is the chert/basalt 
unit. This is an assemblage consisting of alternating layers of basalt and 
ribbon chert. The basalt bears titaniferous augite and well developed 
quench textures, which are not recognized in the Chilliwack Group. The 
association of argillaceous chert with basalt may represent a deeper marine 
facies of the Chilliwack Group, or, alternatively, these rocks could be 
unrelated to the Chilliwack Group.
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This thesis examines the lithologies of the Canyon Creek/Church 
Mountain area and the structures that have disrupted them. The study is 
part of a continuing effort to gain an understanding of the tectonic events 
in northwestern Washington and their bearing on the evolution of the North 
Cascades. Within the study area, Chilliwack Group, Nooksack Group, Cultus 
Formation, Bald Mountain Formation, and exotic crystalline fragments were 
known to exist (Misch, 1966; Monger, 1966), although their extent and 
structural relationships were poorly known.
The study area is situated on the western flank of the North Cascades, 
about 60km east of Bellingham. It is nestled in a region of complex 
thrusting and transverse faulting west of the North Cascades crystalline 
core complex (fig.l). The 104 square km study area is located in the 
northern one third of the 1952 Mount Baker Quadrangle, which was used as a 
base map on a scale of 1:15,840.
The area extends from the Mt.Baker highway (Washington state hwy. 
542) to the Canada-United States border; it is bounded on the west by Bald 
Mountain and on the east by the Damfino Lakes (fig.2).
The study area is topographically rugged and, below treeline, is 
densely vegetated. The area is dissected by Canyon Creek, which here flows 
predominantly westward in a glacially modified valley. Elevations in the 
area range from 365 to 1920 meters. Below the treeline elevation of 1675 
m, the vegetation is dominated by virgin stands of hemlock and Douglas fir. 
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Figure 1. Geologic map of the v/estern North Cascades, Washington, showing the 
location of the study area. After Brown(1983), based on work by Vance(1957), 
Misch(1966,1977), Monger(1966), Bechtel(1979), Vance and others(1980), Rady 
(198lj, Frasse(1981), Lawrence(personal communication to Brown,1981), Brown 
and others(1981), Johnson(1982), Blackwell(1983), Sevigny(1983), and unpublish­
ed mapping by E.H.Brown, J.T.Jones, and P.A.Leigai, all of Western Washington 
University.
IM=Iron Mountain, MB=Mount Baker, TS=Twin Sisters, MS=Mount Shuksan, GP=Gee 
Point, WC=Hhite Chuck Mountain.
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dense, owing to an average annual precipitation of 160cm.
Mapping was conducted over a period of 75 days during the summer and 
fall of 1982. Traverses were run up the larger creeks, which produced only 
limited outcrop. Better exposures were found along ridge tops and above 
timberline.
PREVIOUS STUDIES
Many workers have provided valuable data relating to the evolution of 
the North Cascades. Only those studies directly pertinent to this one will 
be mentioned.
The northernmost portion of the study area was mapped by Daly (1912) 
during a survey of the fourty-ninth parallel. Some of the lithologies of 
this area were correlated with units he mapped in the Chilliwack Valley of 
British Columbia. He assigned the name "Chilliwack Series" to the thick 
sedimentary sequence and the name "Chilliwack Volcanic Formation" was 
reserved for the dominantly andesitic flow rocks. These units, totalling 
6780 feet in thickness, were assigned to the upper Carboniferous. Mesozoic 
strata of the Cultus Formation and Tamihi Series were also mapped in this 
area. The volcanic rocks of the Chilliwack Volcanic Formation, cropping 
out in a narrow band paralleling the border, were described as being thrust 
over the Cultus Formation.
In more recent years, Hillhouse (1956) studied the Chilliwack Group 
limestones in the Vedder Mountain-Silver Lake area. He suggested a 
Leonardian age for the dominant limestone there; he also described several 
early Permian limestone outcrops near the northwestern corner of this study
area.
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Paleontological work by Danner (1957) on the Chilliwack Group 
limestones of the Black Mountain and Red Mountain area provided Devonian, 
late Mississippian to early Pennsylvanian, and early Permian dates. On 
this basis, he subdivided the the Chilliwack Group into: the lower Red 
Mountain Formation, consisting of argillite, chert, conglomerate, 
graywacke, volcanic rocks, and limestone; and the upper Black Mountain 
Formation, consisting of thick cobble conglomerate, magnesium rich 
limestone, chert, argillite, and sandstone. Smith (1961), working on the 
Red Mountain Formation, noted extreme thickness changes in the limestone 
over short distances. Subdividing the Red Mountain Formation, he described 
950 feet of a lower argillite member with no base exposed and 580 feet of 
upper limestone member, which is overlain by thick cobble conglomerate of 
the Blach Mountain Formation. A faunal study of the Chilliwack Group on 
Black Mountain by Liszak (1982) produced a late Visean age for the Red 
Mountain limestone and an early Leonardian age for the Black Mountain 
limestone.
Moen (1962) described the Paleozoic sequence in the northern half of 
the Van Zandt quadrangle and formally assigned the name Chilliwack Group to 
it.
A detailed study of the Chilliwack Group type area by Monger (1966) 
allowed him to subdivide Daly's Chilliwack Series and Volcanic Formation 
into the lower clastic sequence, upper clastic sequence, and Permian 
volcanic sequence (table 1). Pennsylvanian-Mississippian limestone and 
Permian limestone serve as stratigraphic markers between the sequences.
Mesozoic sequences in the Canyon Creek area include the Cultus
6
Table 1. CHILLIWACK GROUP STRATIGRAPHY 
(from Monger, 1966)





Fine to medium grained 
volcanic arenites, arg­








Altered basic to inter­
mediate flows, tuffs, 








cherty; in part later­
ally equivalent to the 
Permian volcanic sequence

















Coarse to medium-grained 
volcanic arenites, arg­
illites, local conglom­
erates, tuffaceous towards 
top. This sequence may 




Red Mountain Limestone 











Argillites, fine to medium 
-grained volcanic arenites
7
Formation, Nooksack Group, and the Bald Mountain Formation. Monger (1966) 
discovered strata of the Cultus Formation disconformably overlying the 
volcanic sequence of the Chilliwack Group in the Chilliwack Valley of 
British Columbia. Blackwell (1983) observed strata of the Chilliwack Group 
grading into Triassic fossiliferous siltstone, resembling the Cultus 
Formation, in the Loomis Mountain area. The Nooksack Group is a sequence 
of semi-fossiliferous siltstone, slate, argillite, and minor limestone and 
volcanic rocks with Oxfordian to Valanginian fauna (Danner, 1957). 
Sondergaard (1979) has subdivided the Nooksack Group into the upper, 
middle, lower, and basal units in the Glacier Creek/Skyline divide area, 
adjoining this study area to the south. He also found these strata to be 
deformed into large scale open upright folds.
Paleozoic and Mesozoic assemblages in the North Cascades have been 
imbricated and juxtaposed along thrust faults and transverse faults during 
late Cretaceous tectonism. Original observations of the regional 
distribution of tectonic units were made by Misch (1960,66,77), which led 
to the establishment of a structural stratigraphy. He considered the 
Nooksack Group to be autochthonous with respect to the Chilliwack Group, 
which comprises the Church Mountain thrust plate. These two rock groups 
are brought into contact via the Church Mountain thrust fault, the type 
area being the Church Mountain in this study area. The Chilliwack Group 
has in turn been overridden by Shuksan suite rocks along the Shuksan thrust 
and associated imbricate zone. The imbricate zone consists of an 
assortment of fault-bounded fragments, including Yellow Aster Complex and 
other crystalline rocks. Lithologies of the Yellow Aster Complex consist 
of felsic gneiss, that has been intruded by gabbro, diorite, quartz 
diorite, and trondhjemite. A protolith age of 1.4 Ga for the felsic gneiss
8
and an Ordivician intrusive age for the quartz diorite were determined by 
Mattinson (1972). These rocks were originally interpreted as being the 
basement rocks on which the Chilliwack Group was deposited (Misch, 1976).
Monger (1966) suggests that the rocks of the Chilliwack Group in the 
Chilliwack Valley of British Columbia comprise several structural units. 
He defined the Liumption Nappe, the McGuire Nappe, and an autochthonous 
terrain, all having Chilliwack Group affinities. The autochthon was 
described as such because its base was not exposed. He noted that the 
deformational style in the Chilliwack Group and the overlying Cultus 
Formation is characterized by isoclinal recumbent folds with axes trending 
northeast. A later folding event produced broad, open, northwest trending 
folds in Eocene and older strata.
Objectives of Study
The ma'in intent of this study is to map and interpret the stratigraphy 
and structural arrangement of units in the Canyon Creek/Church Mountain 
area. The trace and attitude of the contact between the Chilliwack Group 
and Nooksack Group will provide evidence relating to the nature of the 
Church Mountain fault in this area. Also, the relationship between the 
Chilliwack Group and tectonic slivers of Yellow Aster Complex may provide 
evidence for the presence of the Shuksan thrust fault in this area.
A compilation and interpretation of field and laboratory data will 
provide insight to the depositional environments and metamorphic histories 




Lithologies of the Chilliwack Group dominate the map area. These 
lithologies have been segregated according to their stratigraphic position 
into the lower clastic sequence, the Mississippian-Pennsylvanian limestone, 
the volcanic sequence, the upper clastic sequence, and the Permian 
limestone (fig.3). In this section, similar lithologies are grouped 
together under subheadings, then described in stratigraphic order. The 
volcanic units show little internal stratigraphic order, so they are 
described in order of abundance. Complete mineral assemblages for selected 
samples are listed in the appendix.
Volcanic Rocks
Volcanic rocks of the Chilliwack Group in the Canyon Creek/Church 
Mountain area are concentrated in the vicinity of Mount Liumption, the 
extreme northwestern corner of the area, and the upper portion of Church 
Mountain (plate 1). On Mount Liumption, the volcanic rocks overlie and are 
partly interfingered with crinoidal limestone of probable 
Mississippian-Pennsylvanian age (fig.4). Blackwell (1983) found limestone 
interbedded with basaltic andesite in the lower clastic sequence of the 
Chilliwack Group north of Dock Butte. Monger (1966) noted that the 
volcanic sequence may be time equivalent to the Permian limestone in the 




Figure 3. Generalized stratigraphic 
section of the Chilliwack Group in the 
Canyon Creek/Church Mountain area. 
Thicknesses of units are approximate.














Figure 4. Depositional contact between Mississippian-Pennsylvanian 
limestone and flow rocks on Mount Liumption.
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Table 2. Summary of petrographic criteria for distinguishing 
betv/een andesite and basaltic andesite.
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Sequence." Therefore, it appears that either there are two significant 
sections of volcanic rock in the Chilliwack Group, or the lower portion of 
the Permian volcanic sequence may extend into the Mississippian. The 
volcanic unit on Church Mountain has not yet been placed stratigraphically. 
On the south face of Church Mountain the volcanic unit overlies clastic 
rocks containing Devonian limestone dated by Danner (1966), however, the 
presence of shear zones suggests doubtful stratigraphic continuity between 
the volcanic rocks and the clastic rocks. In the area of Bear Paw 
Mountain, undated limestone containing abundant silicified bryozoans grades 
into breccia with limestone and volcanic clasts, which in turn grades into 
tuff breccia. Overlying the tuff breccia are thick volcanic flows. The 
Church Mountain volcanic rocks may be correlative with the volcanic 
sequence on Mount Liumption.
Elsewhere in the area, volcanic rocks are found as sills and flows 
interrupting the thick clastic sequences. The frequency of sills increases 
towards the top of the upper clastic sequence. This increase is especially 
evident on the northeast trending spurs of the eastern portion of Canyon 
Ridge. Tuffs occur sporadically through the clastic sequences, as do 
pillow breccias, associated hyaloclastite, and scoriaceous flows.
Examination of over one hundred thin sections allowed me to subdivide 
the volcanic rocks into the categories: basaltic andesite, andesite, 
dacite, their hypabyssal equivalents, and various pyroclasic rock types. 
As a result of low grade metamorphism, some primary igneous phases have 
undergone alteration, making it difficult to determine their composition by 
optical methods. In a few specimens, such as hyaloclastites and 
pyroclastic rocks, protoliths were determined by textural evidence.
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Basaltic andesite and andesite comprise the bulk of the volcanic pile 
on Mount Liumption and Church Mountain. Flows are typically massive, with 
individual flows exceeding 20m in thickness. These rocks are olive green 
to tan on weathered surfaces and dark green to gray on fresh surfaces. 
Porphyritic textures are common and amygdaloidal textures abundant in 
places. Phenocrysts are most commonly plagioclase, which may be blue-green 
due to pumpellyite alteration (fig.5). Augite phenocrysts are less common.
Poorly preserved pillow lavas with a hyaloclastite matrix are found 
just south of the Canadian border, in the extreme northwestern corner of 
the map area (fig.6). Found in thinner flows interbedded with the clastic 
sequences are pillow breccia and scoriaceous flow breccia (fig.7).
Petrographic criteria for distinguishing between basaltic andesite and 
andesite are somewhat arbitrary due to the alteration of plagioclase. The 
name basaltic andesite was attached to rocks which contained relict olivine 
phenocrysts, abundant groundmass pyroxene, and very little interstitial 
quartz. Ophitic texture may be exhibited by the pyroxene in these rocks. 
The name andesite was applied to those rocks that possess up to 10% 
interstitial quartz and pyroxene mainly as a phenocrystic phase. These 
criteria are summarized in table 2.
In thin section, basaltic andesite is microporphyritic and 
porphyritic, sometimes displaying seriate texture. Phenocrysts are usually 
euhedral plagioclase crystals up to 3mm in length. Large, partially 
resorbed phenocrysts in some specimens display sieve texture, thought to be 
caused by internal melting of the crystal (Cox and others, 1979). Augite 
is common in the phenocryst assemblage, ranging up to 1mm in diameter. In 
sample 101-116, collected on Mount Liumption, antigorite has pseudomorphed
14
Figure 5. Blue-green plagioclase phenocrysts in basaltic andesite 
on Mount Liumption.
Figure 6. Photomicrograph of devitrified hyaloclastite matrix 
between pillows. The fragments are chloritic and ati\ygdaloidal. 
Sample 101-207b, crossed polars.
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what appears to have been olivine (fig.8). The groundmass of the basaltic 
andesite consists dominantly of felty plagioclase (0.2-0.5mm), with up to 
30% subhedral and intergranular augite, blocky crystals of 
ilmenite/leucoxene, and up to 20% intersertal chlorite. Also present in 
the interstices are fine grained aggregates of epidote, sphene, iron-oxide, 
and pumpellyite. The composition of the clinopyroxene was determined to be 
diopsidic-augite, showing an optic axial angle of 65°and a Z>^C=4rf? The 
remaining plagioclase has a composition of An5.
Andesite is usually porphyritic, although phenocrysts may be lacking 
in some types. Pilotaxitic texture defined by plagioclase was seen in a 
few samples, but felty texture predominates. Euhedral, multiply-twinned 
plagioclase (0.5-3mm) is the dominant phenocrystic phase, with subhedral 
augite being subordinate. The groundmass consists of felty plagioclase, 
with up to 10% interstitial quartz, disseminated blocky iron-oxide, and 
variable amounts of intersertal chlorite with fine grained aggregates of 
sphene, epidote, and pumpellyite.
The hypabyssal equivalents of basaltic andesite and andesite are found 
mainly as sills up to 10m thick in the volcanic and clastic sequences of 
the area. The contacts of the intrusive bodies have been sheared, 
especially in the clastic sequences, probably because of the competency 
contrast between the two lithologies. It is therefore difficult to observe 
the intrusive nature of these bodies, but their status as intrusive bodies 
is confirmed by microscopic textures.
The texture of the hypabyssal rocks is phaneritic and nonporphyritic, 
with interlocking crystals of plagioclase and augite visible in hand 
specimen. Plagioclase composes 50-80% of the rock, forming subhedral
16
Figure 7. Scoriaceous flow breccia within the clastic sequence, 
east Canyon Creek. The blocks are basaltic andesite; the matrix 
is highly vesicular and chloritic, often with a well developed 
tectonite fabric.
Figure 8. Olivine pseudomorphed by antigorite in basaltic andesite. 
Mount Liumption. Sample number 101-116; crossed polars.
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intergrown crystals 1-1.5mm in length. The highest plagioclase content is 
found in rocks with a low mafic component, which approximate dacite in 
composition. In more mafic varieties, augite composes up to 30% of the 
rock and commonly displays ophitic texture (fig.9). In less mafic types, 
the amount and size of the augite decreases, becoming granular. Hornblende 
and biotite are rare, occurring only in the more andesitic types. 
Interstitial quartz is present in the less mafic types, and in sample 
101-237 granophyric intergrowths of quartz and plagioclase are seen, 
probably representing cotectic crystallization. This texture is often seen 
in tholeiitic diabases (Williams and others, 1982). Ilmenite is the opaque 
phase, forming blocky skeletal crystals, usually in some stage of 
alteration to leucoxene, sphene, and hematite. Chlorite is very common, 
usually showing an intersertal texture. Epidote, pumpellyite, and 
lawsonite may be present as metamorphic phases replacing plagioclase.
Dacite flows account for a minor part of the volcanic sequence and are 
exposed northwest of hill 5281' and along the base of the volcanic sequence 
on the south face of Church Mountain. These rocks form distinctive 
chalky-weathering outcrops; they are apple green to gray on fresh 
surfaces. Phenocrysts of plagioclase and quartz are visible in most 
varieties. Mafic minerals are exceedingly sparse in these rocks; 
chloritized biotite constitutes the only mafic component.
In thin section, the dacite shows hiatal porphyritic texture or less 
commonly aphyric texture. The porphyritic types have euhedral, but rounded 
and embayed, phenocrysts of quartz up to 2.5mm in diameter (figure 10). 
Partially resorbed plagioclase up to 3mm in length is the other dominant 
phenocryst. Phenocrysts may compose up to 20% of the rock. The felsitic
18
Figure 9. Ophitic texture In hypabyssal basaltic andesite on 
Mount Liumption. cpx=clinopyroxene, p1=plagioclase. Sample 
101-116, crossed polars.
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groundmass is subhedral intergrown plagioclase and up to 30% intergranular 
quartz. Biotite and muscovite are occasionally seen in these rocks. No 
alkalai feldspar was detected in stained thin sections. Chlorite occurs in 
minor amounts in the interstices. Plagioclase compositions of An5 were 
determined for a coarse grained, possibly hypabyssal dacite.
Abundant quartz in the phenocryst and groundmass assemblage and 
absence of potassium feldspar places these rocks in the dacite field of the 
I.U.G.S. classification.
Pyroclastic rocks of the Church Mountain/Canyon Creek area are highly 
variable in composition and texture. They are common rock types in the 
volcanic sequences in the Mount Liumption area and on Church Mountain and 
are occasionally found interbedded in the clastic sequence of east Canyon 
Creek. These rocks have a low competency, possibly due in part to the high 
chlorite content, and are almost invariably sheared. In outcrop, the more 
mafic tuffs are olive green, well sorted, and often have lapilli averaging 
10mm. Lapilli are oriented in the plane of foliation, exhibiting some 
degree of tectonic flattening or stretching. The less mafic tuffs are 
difficult to distinguish from dacite flow rocks in hand specimen, but in 
thin section they are seen to contain broken crystals of quartz and 
plagioclase (fig.11).
Several varieties of tuff occur, ranging from crystal-vitrie tuff to 
lithic tuff. Lapilli tuff is by far the dominant pyroclastic rock. 
Lapilli are typically scoriaceous, vitrophyric or microlitic andesite and 
basaltic andesite (fig.12). Vesicles are generally filled with chlorite, 
although pumpellyite, quartz, and calcite are also found. In the more 
vitric tuff, chlorite abounds and, along with an unidentified brown
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Figure 10. Porphyritic dacite with embayed quartz and euhedral 
plagioclase phenocrysts in felsitic groundniass. Sample 101-177a; 
crossed polars.
Figure 11. Dacite tuff with broken plagioclase and quartz crystals 
in a clastic matrix. Sample 101-92; crossed polars.
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substance, probably represents a devitrification product of volcanic glass. 
Relict shards have been noted in some samples.
Through petrographic study, the volcanic rocks of the Chilliwack Group 
in this area appear to be calc-alkaline or tholeiitic. Petrographically, 
the distinction between the two is very difficult, as calc-alkalic types 
differ from tholeiitic types by a slight enrichment of A1 and lower Fe/Mg 
ratios in rocks of intermediate composition. This variation would not have 
an effect on the stability of the phases present. Geochemical analyses of 
Chilliwack Group rocks outside of the area suggest they are predominantly a 
calc-alkalic series with island arc affinities (Blackwell, 1983; 
Christenson, 1981).
The Chilliwack Group volcanic sequence of the Canyon Creek/Church 
Mountain area displays characteristics indicative of both subaqueous and 
subaerial deposition. Pillow lava, pillow breccia, and associated 
hyaloclastites within the clastic sequence imply subaqueous deposition. 
Monger (1966) has located pillow lavas north of Mount Liumption. The 
depositional contact between limestone and lava flows may also suggest a 
subaqueous environment, although this relationship may represent uplift 
prior to the deposition of the volcanic flows. On Mount Liumption, a tuff 
was found to have flattened relict glass shards, resembling those of a 
slightly welded tuff. Welded tuffs do not occur in subaqueous 
environments, so the volcanic sequence may be in part subaerial.
The association of limestone with andesite is suggestive of an island 
arc environment. The presence of sills, coarse sorted tephra deposits, 
flows, and reworked clastic debris is characteristic of the proximal facies 
of a large central vent volcano (Williams and McBirney, 1979). An
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illustration showing the relationships of the proximal to the central and 
distal facies is shown in figure 13.
Limestone
Limestone of various ages is found in the Chilliwack Group in the
Canyon Creek/Church Mountain area. Limestone outcrops provide virtually 
the only stratigraphic control in this area, and that only where the 
limestone is fossiliferous. The limestone encountered in the field area 
displays various degrees of recrystallization, apparently increasing with 
the age of the limestone.
On the south face of Church Mountain, a band of argillaceous limestone 
crops out a short distance below the volcanic unit. Danner (1966) 
identified fossils in this unit as Scoliopora of probable Devonian age 
The limestone is light gray recrystallized micrite, for the most part, and 
in places displays relict laminations with argillaceous partings on the
order of 2mm thick (fig.14). The thickness of the unit varies up to 20m, 
but laterally it is discontinous. Angular quartz grains are sparsely 
distributed through one sample, probably indicating local volcanic activity 
or a nearby landmass.
Several limestone outcrops to the north of Church Mountain are 
believed to be correlative with the Devonian limestone. In section 9, 
T.40N, R.7E, a small outcrop of limestone is exposed below a sequence of 
volcanic rocks. This limestone contains fossils which resemble Thamnopora 
of Devonian age (Danner, oral communication, 1983) (fig.15). Limestone 
outcrops in the vicinity of Whistler Creek and on the north slope of 
Bearpaw Mountain are also situated below the volcanic unit of Church
Mountain. They contain silicified bryozoans. Petrographically, this
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Figure 12. Mafic lapilli tuff with scoriaceous lapilli. Sample 
101-282; plane polarized light.
Figure 13. Facies variation in volcanic rocks of a large central 
vent volcano, from Williams and McBirney (1979).
Figure 14. Recrystallized laminated micrite in Devonian limestone 
on the south face of Church Mountain. Sample 101-285b.
Figure 15. Thamnopora fossils from Devonian(7) limestone in the 
west Canyon Creek area. Sample 101-188.
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limestone is recrystallized micrite with much semi-opaque argillaceous 
material (fig.16).
Pennsylvanian limestone is found in two localities in the map area. 
One outcrop occurs southwest of the 5405' hill. Large silicified crinoid 
columnals up to 2cm in diameter (fig.17) are not useful in the age 
determination of the limestone, but they have been used in the 
identification of this Pennsylvanian limestone (Smith, 1961). The 
dominantly recrystallized limestone is light gray, thinly bedded, and 
argillaceous near the bottom, becoming more cherty and with beds thickening 
to 2m towards the top (fig.18). The limestone is overlain by a highly 
altered vitric tuff and underlain by calcareous siltstone. The limestone 
is highly fractured throughout its thickness of 30m. Large crinoid columns 
were also discovered in limestone on the south slope of Mount Liumption. 
Small brachiopods, averaging 1cm across, and abundant bryozoans have been 
silicified. Small cherty lenses are found to be concentrations of 
silicified bryozoan and crinoid debris. Recrystallization has obscured the 
primary texture, but the rock was probably a crinoidal biomicrite.
The Permian limestone is the most abundant limestone in the map area. 
It is found in a band of discontinous outcrop, extending from the ridge 
west of Mt. Liumption to the western margin of the area. Unlike the other 
two limestones, the Permian limestone is occasionally unrecrystallized, 
allowing for the preservation of fossils and original textures. In 
outcrop, the limestone is medium bedded to massive, with single beds 
ranging from .5-lOm. The total thickness of the unit is highly variable, 
but in the thicker sections it may exceed 100m. The limestone is usually 
dense and medium gray in color, but dolomitized sections are light tan with
26
Figure 16. Recrystallized micritic limestone of probable Devonian 
age from the Whistler Creek area, containing silicified bryozoans. 
Sample 101-305; plane polarized light.
Figure 17. Silicified crinoid columnals in Mississippian-Pennsylvanian 
limestone southwest of the 5405' hill. Sample 101-18.
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a sugary texture.
Petrographic examination of the Permian limestone reveals textures and 
fossils important to the interpretation of the depositional environment. 
The limestone ranges from fossiliferous micrite to packed biomicrite, 
although the matrix has largely been converted to microsparite. Fossils 
identified include small crinoid fragments, micritized brachiopod 
fragments, bryozoans, rugose corals, and fusulinids. One of the fusulinids 
was identified as Schwagerina, which is also found in Danner's (1966) 
Permian limestone of the Black Mountain sequence, to which this unit is 
correlated (fig.19).
The environment of deposition of the Permian limestone is decidedly 
marine, based on the presence of marine organisms. The micritic nature of 
this unit suggests a low energy environment. The abundance of crinoids and 
shelly fossils and occasional cherty layers suggests a toe of slope or open 
shelf facies (Wilson, 1975 ). Micrite and dolomite may be indicative of a 
lagoonal environment.
Assuming that the Chilliwack Group is a portion of an ancient magmatic 
arc, I will speculate on limestone deposition in such an environment. 
Significant accumulations of carbonate require relatively shallow, warm 
marine waters. These conditions may be satisfied in near-shore 
environments of subtropical to tropical island arcs. Prime examples of 
these occurrences are found today in the south Pacific archipelagos.
Limestone found in island arc environments is commonly in the form of 
fringing and barrier reefs and associated foreslope talus and lagoon 
deposits. The biota reflects the shallow marine environment, and commonly 
consists of corals, algae, foraminifera, bryozoans, and sponges. The
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Figure 18. Thinly bedded argillaceous limestone of Mississippian- 
Pennsylvanian age, southwest of the 5405' hill.
Figure 19. Schwagerina-bearing limestone of Permian age from 
western Canyon Ridge. Also note micritized brachiopod shell (left). 
Sample 101-234; crossed polars.
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limestones of the Chilliwack Group, displaying lateral discontinuity, close 
association with andesitic volcanic rocks, and abundant shallow marine 
fauna, fit the carbonate facies types expected on island arcs.
Clastic Rocks
The clastic rocks of the Chilliwack Group in the Canyon Creek/ Church 
Mountain area represent sediments derived from a volcanic terrane. The 
dominant lithologies are volcanic arenite, lithic arenite, and lesser 
amounts of siltstone, tuff, and conglomerate. Slate and argillite are 
found occasionally. The structures in some of the clastic rocks are 
suggestive of turbidites.
The stratigraphy of the clastic sequences in the area is difficult to 
ascertain, due to the lack of stratigraphic markers, poor exposure, 
scarcity of fossils, and two deformational events. Daly (1912) described a 
partial stratigraphic section in the northern portion of this area and 
assigned it to his "Chilliwack Series", the type section being in the 
Chilliwack River valley of southern British Columbia. Monger (1966) has 
subdivided these clastic rocks into the lower clastic sequence and the 
upper clastic sequence, separated by Pennsylvanian limestone. Liszak 
(1982) has described a stratigraphic section on Black Mountain, several 
miles west of this area, which is probably correlative with Monger's 
sequences through lateral facies changes.
The stratigraphically lowest clastic rocks in this area crop out above 
and below Devonian limestone on the south face of Church Mountain. The 
same sequence is exposed on the north side of Church Mountain, in the
30
Whistler Creek area. The clastic sequence underlying the Pennsylvanian 
limestone in the central part of the area is similar to the sequence 
associated with the Devonian limestone; collectively, they form the lower 
clastic sequence.
The lower clastic sequence consists of laminated siltstone, thin to 
medium bedded rhythmic sandstone, and minor amounts of black, red, and 
green slate. Phyllitic cherty argillite crops out to the east of Church 
Mountain and is believed to be a member of this sequence. The sandstone is 
gray to olive green, and bedding rarely exceeds 50cm in thickness. 
Sandstones usually appear ungraded. Grading is better displayed by 
siltstones, which become darker as grain size decreases. Small scale 
cross-bedding, scour marks, and load structures are occasionally found in 
the siltstone and fine grained sandstone (fig.20). The sandstone and 
siltstone become light gray and calcareous in horizons grading laterally 
into limestone.
Petrographically the sandstone is texturally and mineralogically 
immature volcanic arenite, containing mostly andesite and dacite fragments. 
Less common lithic fragments include chert and argillite. Plagioclase is 
usually abundant, with broken subhedral forms, and is often in various 
stages of alteration to calcite, pumpellyite, white mica, or lawsonite. 
Quartz usually accounts for less than 10% of the rock, but in a few samples 
where dacite fragments abound, unstrained angular grains of quartz may 
compose up to 20% of the rock. The percentage of matrix in the sandstone 
is normally low, although decomposing volcanic fragments, producing 
pseudomatrix, may make up more than 50% of some rocks (fig.21).
The Pennsylvanian limestone provides a stratigraphic marker that
Figure 20. Small scale cross-bedding (arrow) in thinly bedded 
fine grained sandstone and siltstone of the lower clastic sequence. 
Top is to the right.
Figure 21. Photomicrograph of graded volcanic arenite containing 
abundant pseudomatrix derived from unstable lithic fragments. Top 
is to the right. Sample 101-266; plane polarized light.
separates the lower clastic sequence and the upper clastic sequence. This 
limestone is conformably overlain by altered vitric tuff, which grades into 
the siltstone and sandstone of the upper clastic sequence, in an outcrop 
0.5km southwest of hill 5405'. Carbonized plant debris, consisting of 
Calamites , Lepidodendron , and $igill aria fragments of probable 
Pennsylvanian age (Rouse, written communication, 1983), is concentrated in 
a horizon overlying this limestone and another limestone body on the 
southeast slope of Mt. Liumption (fig.22). This organic horizon has been 
noted by Danner (oral communication, 1983) to overlie Pennsylvanian 
limestone elsewhere in the Chilliwack Group.
Stratigraphic placement of the clastic rocks exposed on the eastern 
portion of Canyon Ridge and the four adjoining northeast-trending spurs is 
made difficult due to the lack of stratigraphic markers and fossils in
these strata. The sequence in this area consists of thin bedded to massive
volcanic arenite, laminated siltstone, limestone-bearing cobble 
conglomerate, minor limestone lenses, and occasional andesite sills 
(fig.23). This sequence was previously mapped by Daly as the "Tamihi 
Series" and was presumed to be Cretaceous based on fossils collected by 
W.H. Fuller from unspecified locations. These strata were mapped as
Jurassic-Cretaceous Nooksack Group by Misch (1966) partly on the basis of 
Daly's fossil evidence. I was unable to find any fossils in the rocks 
exposed on these ridges; thus they differ from the relatively
fossiliferous Nooksack Group. A tentative correlation with the upper
clastic sequence of the Chilliwack Group is made based on lithologic 
similarity, although the notion that these strata belong to their own group 
(eg.the Tamihi Series) cannot be precluded.
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The upper clastic sequence is composed of thick bedded to massive
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Figure 22, Pennsylvanian Siqi11 aria and Lepidodendron plant fossils 
from the upper clastic sequence of the western portion of Canyon Ridge.
Figure 23. Limestone cobble conglomerate of the upper clastic 
sequence on the eastern portion of Canyon Ridge. Ls=limestone, 
KM=Keith Mullen.
35
pebbly volcanic arenite, thin bedded to laminated siltstone, conglomerate, 
and argillite in order of decreasing abundance. The volcanic arenite is 
dark green to gray and commonly contains angular fragments of black 
argillite and green volcanic rock, which may be visible in hand specimen. 
In thinner beds, grading may be seen. Siltstone ranges from light green to 
black in color and is often graded. Conglomerate forms thick discontinous 
beds, usually containing a high percentage of subrounded volcanic pebbles 
and cobbles. Lesser numbers of chert, argillite, and limestone clasts are 
also present. The matrix to grain ratio is usually high in the 
conglomerate but tends to decrease with increasing clast size.
Petrographically the strata of the upper clastic sequence are similar 
to those of the lower clastic sequence, although the overall grain size is 
larger in the former. The sandstone is mostly volcanic arenite, with a 
high percentage of microlitic and porphyritic andesite and basalt 
fragments, and subsidiary argillite and chert fragments. Plagioclase is 
the most common monomineralic grain, existing as broken subhedral grains. 
Quartz accounts for less than 5% of the rock in most instances, although in 
tuffaceous varieties it may be present in quantities up to 25 %. Quartz is 
always angular, mostly unstrained, and sometimes shows embayment, 
indicating volcanic origin. Augite and less commonly hornblende are found 
as sparsely distributed grains in the more volcanic rich strata; ilmenite 
may also be present. The volcanic arenite typically has a low percentage 
of matrix, although pseudomatrix provided by unstable lithic grains is in 
someplaces abundant. Rare sandstone with true matrix exceeding 15% has 
been classified as graywacke, in accordance with the classification system 
preferred by Pettijohn, Potter, and Siever (1973, p.l58).
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The Chilliwack Group clastic sequences have a volcanic source terrain. 
They were presumably deposited in a marine environment, although no marine 
fossils were identified in the clastic sequences of this area, excluding 
those horizons gradational to limestone. The occurence of limestone in the 
clastic rocks indicates a marine environment for some sections. The lack 
of continous stratigraphic succession makes the visualization of the 
overall environment difficult, although some generalizations on the mode of 
deposition can be made.
The thin to medium bedded sandstone and laminated siltstone of the 
lower clastic sequence display characteristics of turbidites. The thin 
sandstone beds are overlain by laminated siltstone, which sometimes 
exhibits climbing ripples and small scale cross-bedding. This sequence is 
repeated, producing a rhythmic succession reminiscent of turbidites. The 
complete classic internal structure of a turbidite, as proposed by Bouma 
(1962), is usually not seen in the lower clastic sequence. Instead, only 
portions of the complete turbidite are seen, representing the A, B, and 
sometimes C intervals. Also the grain sizes decrease with the thickness of 
the bed, bed thickness is highly variable, and sorting improves with 
decrease of grain size; all of which are characteristics of turbites 
(Kuenen, 1964). Sole marks, which are usually abundant in turbidites 
(Reineck and Singh, 1975), are rare in this area.
The upper clastic sequence tends to be much more variable with respect 
to grain size and bedding geometry than the lower clastic sequence. The 
predominence of thick pebbly sandstone may indicate a more proximal facies 
than the lower clastic sequence. Mats of plant fossils may point to a 
floodplain environment, but the proximity of these fossils to crinoidal 
siltstone and limestone on the southern slope of Mt. Liumption probably
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indicates a near shore shallow marine environment. The rarity of channel 
scours and cross-bedding make stream deposition doubtful for this sequence. 
The poorly sorted nature of the thickly bedded sandstone and the high 
matrix to grain ratio for the conglomerate may have resulted from high 
density turbidity currents or subaqueous debris flows on the flanks of a 
volcanic arc, and they may grade distally into regularly bedded sandstone 
and siltstone, more typical of turbidites.
Chilliwack Metamorphism
Most lithologies of the Chilliwack Group show the effects of low-grade
rmetamorphism. In volcanic rocks, plagioclase is usually patially altered
to pumpellyite and epidote. In most instances the remaining plagioclase
has a composition of albite. Aragonite was noted in a few specimens, 
although in most rocks calcite is present. Lawsonite occurs as brown 
fibrous mats and rare bladed crystals in sandstone and siltstone. Chlorite
is common in all lithologies except limestone. Limestone has suffered
recrystal 1ization, probably as a result of the metamorphism. Volcanic
flows and tuffs southwest of Mount Liumption show incipient growth of
post-kinematic actinolite, although its presence is attributed to thermal
metamorphism resulting from the emplacement of Tertiary dikes in the
vicinity. A study of the Chilliwack Group metamorphism to the north of 
this area disclosed similar metamorphic assemblages, which represent 
pumpellyite facies metamorphism (Beatty, 1974). A plot of the observed 
metamorphic assemblages is shown in figure 24.
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Figure 24, ACF plot of metamorphic mineral assemblages in the Chilliwack 
Group of the Canyon Creek/ Church Mountain area. Observed assemblages are 
designated with an "X". Projection from Brown (1977),
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CULTUS FORMATION
A sequence of thinly bedded slightly calcareous siltstone and 
sandstone in the area straddling the international boundary, northwest of 
the 5281' hill, may be assignable to the Cultus Formation. As no fossils 
are present, this tentative assignment was made on the basis of lithologic 
similarity and proximity to known Cultus Formation outcrops in British 
Columbia, mapped by Monger (1966). In this area, the sequence is 
monotonous dark brown to black rhythmically bedded siltstone and dark green 
thinly bedded volcanic arenite. Bed thickness averages about 10cm, and 
grading is common. These strata are structurally overlain by volcanic 
rocks of the Chilliwack Group and are part of Monger's (1966) autochthon. 
A late Triassic to late Jurassic age for the Cultus Formation was 
determined by Monger (1966).
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NOOKSACK GROUP
The Nooksack Group in the Canyon Creek/Church Mountain area crops out 
along the south side of Church Mountain and the adjoining Excelsior Ridge. 
The most northerly exposure in the map area is just south of the Damfino 
Lakes, although good exposure was found further north in the Quartz Creek 
drainage (outside of the map area). The Nooksack Group within the
boundaries of the map area is typified by chocolate brown massive 
siltstone, that weathers into splintery fragments. Lesser amounts of 
volcanic arenite, arkosic volcanic arenite, black slate, and cobble 
conglomerate are also found. Hornblende andesite flows and sills are a 
minor lithology in the area. The age of the Nooksack Group has been set at 
Late Jurassic to Lower Cretaceous by fossil evidence (Jeletzky, 1965 ; 
Misch, 1966). The common fossils include belemnites, Buchia, and 
Pleuromya, all of which have been identified in this area (fig.25, 26, and 
27).
Mapping in the Glacier Creek/Skyline Divide area by Sondergaard (1979) 
resulted in the stratigraphic subdivision of the Nooksack Group. Of his 
subdivisions, the lower and middle units can be projected into the southern 
portion of this map area; however, exposures in this area are not good 
enough to distinguish between the two units. Sondergaard described the 
lower and middle units as fossiliferous sandstone, siltstone, argillite, 
minor conglomerate and sedimentary breccia. Misch (1966) described a basal 
conglomerate for the Nooksack Group. This unit unconformably overlies the
/
Figure 25. Buchia fossil in volcanic arenite of the Nooksack 
Group. Sample 101-98.
Figure 26. Pleurornya fossil in the Nooksack Group siltstone on 
the south face of Church Mountain. Sample 101-256.
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Wells Creek volcanic unit. A thick sequence of cobble conglomerate and 
volcanic arenite, exposed in the Quartz Creek drainage to the east of this 
area, may be correlative with this basal unit.
Some criteria that have been useful in distinguishing between Nooksack 
clastic rocks and Chilliwack clastic rocks in this area include: lower 
degree of deformation, lack of carbonate units, abundant fossils, and 
cleavage at high angles to bedding in the Nooksack Group relative to the 
Chilliwack Group.
Lithologies
The sandstone in this map area ranges from volcanic arenite, sometimes 
arkosic, to cherty lithic arenite. Sandstones form resistant beds and are 
usually dark greenish gray in color. Occasional Buchia and Pleuromya 
fossils and belemnite casts are found in this lithology. Grain size is 
variable, ranging from fine to coarse sand to small pebble. Sorting is 
normally fair, although pebbles are sparsely distributed through some 
sandstones.
Fine to medium grained sandstone is composed of a high percentage of 
subrounded microlitic volcanic rock fragments and subangular plagioclase 
grains, with subangular strained and unstrained quartz grains varying 
between 5% and 30% of the mode (fig.28). In some varieties, plagioclase is 
the dominant grain; these have been termed arkosic volcanic arenites 
(fig.29). Rounding improves with increasing grain size. Siltstone rock 
fragments, metamorphic quartz, slate chips, granitic rock fragments, and 
phyllite chips are subsidiary components of some sandstones (fig.30). 
Chert fragments are rare in most sandstones, but in the coarse grained 
types they are usually abundant. Chloritized glass shards are present in
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Figure 27. Partially preserved belemnite fossil found in the 
creek southeast of Bear Paw Lake. Sample 101-108a.
Figure 28. Typical volcanic arenite of the Nooksack Group. 
Sample 101-98b; crossed polars.
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Figure 29. Arkosic volcanic arenite of the Nooksack Group. 
Sample 101-257a; crossed polars.
Figure 30. Quartz-rich lithic arenite of the Nooksack Group 
containing chert (ch) and phyllite (phy) fragments. Sample 
101-143; crossed polars.
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the more volcanic sandstone. True matrix is usually present in quantities 
less than 5%, although fine grained chloritic pseudomatrix in volcanic 
arenites, probably derived from volcanic fragments and glass shards, may 
compose up to 20% of the rock.
The siltstone of the Nooksack Group forms thick to massive beds in 
which structures are difficult to see. The color is invariably chocolate 
brown on the weathered surface, and rarely obtainable fresh surfaces are 
dark gray to olive green. This lithology forms treacherous crumbly slopes 
covered with splintery fragments of siltstone. In thin-section, the 
siltstone is seen to be sandy with occasional rounded volcanic pebbles 
(fig.31). Mineralogically it is similar to the volcanic arenite, although 
most volcanic fragments have decomposed into their constituent parts. Sand 
grains consist of subangular quartz and plagioclase. The embayment of 
quartz and the euhedral nature of plagioclase indicate their volcanic 
origin.
Volcanic rocks comprise a minor part of the Nooksack Group in this 
area. Apple green, iron stained andesite crops out in the southeast 
quarter of sec.13, T.40N, R.7E as a sill. Petrographically, the andesite 
is porphyritic with phenocrysts of hornblende and plagioclase about 1mm in 
length in a very fine grained groundmass. Sulfides are abundant and 
account for the iron staining.
Depositional Environment
The Nooksack Group was deposited in a fore-arc basin or marginal basin 
setting in the form of submarine fan sediments, according to Sondergaard 
(1979). Granitic and metamorphic rock fragments may have been derived from
Figure 31. Pebbly siltstone in the Nooksack Group on the south 
face of Church Mountain. Arrow points to rounded volcanic pebble. 
Sample 101-95; crossed polars.
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the dissected core of an associated magmatic arc.
Metamorphism
The Nooksack Group contains a metamorphic assemblage representing low 
grade prehnite-pumpellyite facies metamorphism. The metamorphic mineral 
assemblage prehnite + pumpellyite + lawsonite + chlorite + calcite + albite 
was identified in some of the lithologies and is best displayed in the 
sandstone. The presence of lawsonite was verified by x-ray diffraction; 
it was not recognized by Sondergaard (1979). Aragonite was not identified 
in any specimens and has not been found elsewhere in the Nooksack Group 
(Brown and others, 1981). The metamorphic mineral assemblages of the 
Nooksack Group and Chilliwack Group are very similar, except for the 
absence of aragonite in the former. This difference may reflect a slightly 
lower pressure of metamorphism for the Nooksack Group. The metamorphic 
mineral assemblages have been plotted on an ACF diagram (fig.32).
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Al
Figure 32. ACF plot of metamorphic mineral assemblages in the Nooksack 
Group of Canyon Creek/Church Mountain area. Observed assemblages are 
designated with an "x". Projection from Brown ( 1977).
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YELLOW ASTER COMPLEX
Rocks correlated with the Yellow Aster Complex are present as klippen 
in the western portion of this area. These rocks show great variation in 
lithology, ranging from felsic gneiss to semi-gneissic and non-gneissic 
meta-gabbro and meta-diorite, to meta-quartz diorite, to meta-trondhjemite, 
to meta-granite. For simplicity these rocks will referred to by their 
protolith names. All of these lithologies are cut by greenstone dikes.
The Yellow Aster Complex is described as crystalline basement rock 
that has been imbricated into the Church Mountain plate along the base of 
the Shuksan thrust fault (Misch, 1966). Other workers have provided 
detailed petrographic descriptions and structural data for the Yellow Aster 
Complex in various locations along the western flanks of the North Cascades 
(Blackwell, 1983; Sevigny, 1983).
Intrusive relationships observed in the field allow interpretation of 
the relative ages of some lithologies. Coarse grained hornblende gabbro 
and diorite is intrusive into the felsic gneiss (fig.33). Fine grained 
diorite has intruded the coarse grained diorite (fig.34). Coarse grained 
trondhjemite dikes cut gabbro, diorite, and quartz diorite. The 
relationship between the quartz diorite and gabbro/diorite has not been 
established. The granitic phase appears to be intrusive into the quartz 
diorite in the Kidney Creek area but has not been identified elsewhere in
the area.
Figure 33. Coarse grained hornblende gabbro (Gab) showing intrusive 
relationship with older felsic gneiss (FG) on ridge northwest of 
the 5281' hill.
Figure 34. Fine grained gabbro (Gab) intrusive into coarse grained 
diorite (Dior). Note chilled margin.
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Felsic Gneiss
The oldest rock of the Yellow Aster Complex is felsic gneiss. In 
outcrop it is recognized by white to light green weathering surfaces, with 
conspicous gneissic layering. Close examination reveals quartz and 
clinopyroxene segregations which produce the gneissic texture. This 
lithology is best exposed in sec.8, T40N, R7E and is found as patchy 
outcrops on 5327' hill and to the north of the 52281' hill.
Petrographically the gneiss displays a fairly well developed gneissic 
foliation defined by alternating segregations of quartz plus plagioclase 
and clinopyroxene (fig.35). The clinopyroxene is colorless augite, 2V 65, 
and locally may compose up to 30% of the mode. In some specimens, 
actinolite rims and replaces the augite. Plagioclase is present in 
quantities up to 45% and is usually altered to fine grained masses of white 
mica or epidote. Quartz forms lenticular segregations of stretched and 
sutured grains, accounting for about 25% of the mode. Orthoclase is 
present in one sample, 101-203, as ragged crystals with dusty brown 
alteration. The existence of potassium feldspar was confirmed by sodium 
cobaltinitrite staining. It is concentrated in layers parallel to the 
gneissic foliation. Whether the orthoclase is an original constituent of 
the protolith, a product of metamorphism, or a secondary hydrothermal 
mineral has not been resolved. The orthoclase does predate the quartz, 
albite, and calcite veining that cuts the gneissic foliation. Prehnite is 
found in some veinlets. Sphene, apatite, hematite, and zircon are minor 
constituents of the felsic gneiss.
A variation of the quartz pyroxene gneiss is a qneiss composed of
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actinolite, quartz, plagioclase, and epidote. This rock is notably 
enriched in epidote, compared to the quartz pyroxene gneiss. It also 
contains little, if any, clinopyroxene (fig.36). Cataclastic textures are 
better developed in the actinolitic gneiss than the clinopyroxene-bearing 
gneiss. The actinolite is presumed to have crystallized at the expense of 
clinopyroxene, because, in some samples, relict clinopyrqxene is rimmed 
with actinolite. Because actinolite has crystallized in the plane of 
foliation of the gneiss, it may represent a retrogressive metamorphism 
during the same kinematic event that produced the clinopyroxene felsic 
gneiss.
The similarity of these gneisses with those described by Sevigny 
(1983) in the Yellow Aster Meadows, the type area for the Yellow Aster 
Complex, makes their correlation reasonable. The gneisses in that area 
have clinopyroxene, garnet, biotite, and possibly hornblende as metamorphic 
minerals representing amphibolite facies metamorphism. Garnet, biotite, 
and hornblende were not observed in the gneisses of the study area, but the 
presence of clinopyroxene indicates metamorphic conditions in the 
neighborhood of amphibolite facies. The age of sphene dates this 
metamorphism at 415Ma (Mattinson, 1972).
A second metamorphic event is documented by the abundance of 
actinolite and epidote in some samples. This greenschist facies 
metamorphism has been identified in the Yellow Aster Complex of the Park 
Butte area (Blackwell, 1983) and of the Yellow Aster Meadows area (Sevigny, 
1983). The age of this greenschist facies metamorphism is not certain.
A third metamorphic event is indicated by the presence of prehnite, 
pumpel1iyite, and lawsonite found in small veins of some felsic gneisses.
Figure 35. Yellow Aster felsic gneiss with segregations of quartz 
(qtz), plagioclase (pi), and augite (cpx). Sample 101-203; crossed 
polars.
Figure 36. Actinolite (act) bearing felsic gneiss of the Yellow 
Aster Complex. Sample 101-177b; crossed polars.
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This metamorphic mineral assemblage represents low grade 
prehnite-pumpellyite facies.
Gabbro/Diorite
The older intrusive rocks of the Yellow Aster Complex range from fine 
to coarse-grained hornblende gabbro and diorite. These rocks are well 
exposed on the 5281' and 5327' hills in the northwest part of the area. 
They usually display isotropic fabrics but sometimes are semi-gneissic. 
Hornblende is by far the dominant mafic constituent in the gabbro and 
diorite, forming brownish green anhedral to subhedral crystals .5-5mm in 
length. Hornblende is commonly rimmed and partially replaced by actinolite 
(fig.37). Plagioclase crystallized in subhedral crystals .5-4mm in length. 
Occasionally plagioclase is enclosed by a single hornblende crystal, 
producing a poikilitic texture.
Plagioclase is more often than not pseudomorphed by fine grained white 
mica, epidote, lawsonite, and pumpellyite. Any remaining plagioclase has a 
composition ranging from An25 to An30. Minor constituents include sphene, 
apatite, chlorite, prehnite, hematite, leucoxene, and sometimes sulfide. 
The gabbro and diorite both display hypidiomorphic-granular textures, 
although variations are noted.
On the west slope of the 5281' hill, some peculiar textural deviations 
from the typically granular texture were seen. Hornblende pegmatite crops 
out near the base of the exposure. Hornblende crystals 15mm across are 
intergrown with plagioclase of equal size (fig.38). Above this, a mafic 
segregation consisting almost entirely of hornblende was found (fig.39). 
These variations are interpreted as being primary igneous features
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Figure 37. Non-gneissic hornblende diorite of the Yellow Aster 
Complex. Hornblende (hb) has partially reacted to actinolite (act), 
Sample 101-198b; crossed polars.
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Figure 38. Pegmatitic segregation of hornblende gabbro in the 
Yellow Aster Complex on the 5281' hill. pl=plagioclase, hb= 
hornblende. Sample 101-100.
Figure 39. Hornblendite layer within the non-gneissic gabbro 
of the Yellow Aster Complex. Sample 101-101.
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resulting from magmatic differentiation, but no further speculation will be 
made.
Hornblendite cropping out east of Kidney Creek may have a metamorphic 
origin. This lithology forms a discontinous band of outcrop about 20m 
thick and grades into coarse grained gneissic gabbro, which in turn grades 
into non-gneissic leucogabbro. Small hornblendite segregations a few 
centimeters thick are also found in the gneissic gabbro. Brownish green 
hornblende is in the form of large anhedral intergrown crystals 10mm 
across, which enclose smaller clinopyroxene crystals producing a poikilitic 
texture (fig.40). The protolith may have been pyroxenite.
Metamorphic minerals identified in the gabbro/diorite of the Yellow 
Aster Complex in this area reflect two metamorphic events. The overgrowths 
of actinolite on hornblende in the presence of epidote and chlorite are 
indicative of greenschist facies metamorphism. A later metamorphic event 
is evidenced by veinlets filled with albite, pumpellyite, and prehnite. 
This event is also recorded in the felsic gneiss and results from low grade 
prehnite-pumpllyite facies metamorphism. Lawsonite found in a few samples 
may indicate a slightly higher pressure subfacies of the 
prehnite-pumpellyite facies.
Quartz Diorite
On the east side of Kidney Creek is a large outcrop of coarse grained 
quartz diorite. This rock has a hypidiomorphic-granular texture, with an 
average grain size of 2-4mm. Hornblende is the dominant mafic mineral, and 
it forms poikilitic crystals that partly or wholly enclose subhedral and 
euhedral plagioclase and small anhedral quartz grains (fig.41). The
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Figure 40. Photomicrograph of hornblendite segregation in semi- 
gneissic gabbro of the Yellow Aster Complex of the Kidney Creek 
area. Note poikilitic hornblende (hb) with inclusions of augite 
(cpx) and actinolite (act). Sample 101-307; crossed polars.
Figure 41. Quartz diorite of the Yellow Aster Complex in the Kidney 
Creek area, pl=plagioclase, hb=hornblende, qtz=quartz. Sample 
101-185; crossed polars.
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hornblende has brownish-green cores, becoming blue-green towards the 
margin, indicating higher actinolite content, and accounts for 30% of the 
mode. Plagioclase has mostly been altered to fine grained white mica and 
brown mats of lawsonite. Quartz occurs as strained and sutured grains, 
accounting for 15% of the mode. Biotite appears to have been a primary 
mineral, but has since been altered to chlorite. Apatite and zircon are 
the accessory minerals. Greenschist facies metamorphism is indicated by 
the actinolitization of hornblende and the presence of epidote. 
Pumpellyite, prehnite, and lawsonite represent later low grade 
metamorphism.
Felsic Intrusives
Light colored, dominantly trondhjemitic rocks intrude all of the 
lithologies described above. Dikes range in thickness from a few 
centimeters to several meters. Grain size varies from fine to coarse, to 
produce aplitic to pegmatitic textures. The dominant texture is 
hypidiomorphic-granular, and some samples are porphyritic. The dikes are 
almost invariably highly fractured.
Mineralogically, the trondhjemite is monotonous. Plagioclase (An32) 
is the dominant mineral, composing up to 60% of the rock. It forms 
subhedral crystals in various stages of alteration to white mica and brown 
mats of lawsonite. Quartz accounts for up to 40% of the mode and forms 
smeared and sutured grains, which produce a crude foliation (fig.42). 
Mortar texture has developed around quartz crystals in some samples. 
Apatite and zircon are accessory minerals. Garnet is present in minor 
amounts; it is uncertain whether it is a primary or metamorphic phase.
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Clinozoisite in sample 101-175bl may have crystallized during the 
greenschist facies metamorphism, but actinolite is not found probably 
because of the lack of mafic components in the trondhjemite. The 
clinozoisite is cross-cut by prehnite veins. Lawsonite occurs as brown 
mats in plagioclase crystals. The latter two minerals represent 
prehnite-pumpellyite facies metamorphism.
Another felsic intrusive, determined to be granite, intrudes the 
quartz diorite of Kidney Creek. This lithology is texturally identical to 
the trondhjemite and is difficult to distinguish from it in hand specimen. 
A point count performed on sample 101-185c resulted in a modal 
determination of 38% quartz, 37% orthoclase, and 25% plagioclase, which is 
a leucogranite by the I.U.G.S. classification. Orthoclase is 
distinguishable from plagioclase by the lack of white mica alteration and 
from quartz by dusty brown appearance. No microcline twinning was detected 
(fig.43).
Greenstone
Dark green mafic dikes sporadically intrude the Yellow Aster Complex. 
Petrographically, these rocks appear to be basaltic or diabasic and are 
composed of felty plagioclase with interstitial chlorite and pumpellyite. 
The diabasic variety has granophyric intergrowths of plagioclase in quartz. 
Calcite and iron oxide are present in minor amounts. Due to poor 
preservation of the mafic phases, little can be said about the metamorphic 
history of these rocks, except that they were probably affected by the 
prehnite-pumpellyite facies metamorphism.
Figure 42. Trondhjemite with poorly developed tectonite fabric 
produced by strained quartz. Sample 101-175b; crossed polars.
Figure 43. Leucogranite of the Yellow Aster Complex. Orthoclase 
has a dusty brown appearance and garnet occurs in small amounts. 




Along the western margin of the map area is a north-south trending, 
fault bounded package of volcanic and sedimentary rocks, dissimilar to 
those typical of the Chilliwack Group in this area. Based on mineralogical 
and textural evidence and structural position, I have chosen not to include 
the chert/basalt unit in the Chilliwack Group proper, although it may bear 
some genetic relationship to the Chilliwack Group. This possible 
relationship will be discussed later in this section.
The chert/basalt unit in this area underlies a Yellow Aster Complex 
slab, being separated from it by a serpentinized fault zone. The lower 
contact is not exposed in the area, but the unit is juxtaposed to both 
sedimentary and volcanic sequences of the Chilliwack Group. Deformation 
associated with the tectonic emplacement of this unit is represented by 
tight disharmonic folds and brecciation in the chert sequences (fig.44) and 
a rough foliation and fracturing of the basalt.
Lithologically, the unit is dominated by ribbon chert and basalt, with 
sandstone and siltstone being subsidiary. The chert forms packages on the 
order of 10m thick, which are interrupted by similar thicknesses of basalt. 
The chert ranges in color from dark gray to green to red to white. Bedding 
is typically about 3cm thick, and red and green argillaceous partings are 
common. Poorly preserved radiolaria were found in some samples. Samples 
collected on the U.S.F.S. 3140 road by Danner (oral communication, 1983) 
give a Pennsylvanian age for radiolaria from this unit.
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Basalt is almost always associated with ribbon chert. It forms 
consistently fractured and highly weathered outcrops, ranging from reddish 
brown to dark green in color. The basalt is largely aphanitic and sparsely 
porphyritic, although locally it may lack phenocrysts. Amygdules, if 
present, are small and sparse.
Microscopic inspection of the basalt reveals quench textures, which 
are typical of this unit. Plagioclase forms radiating sheafs of microlites 
.5mm long, which have mostly been altered to fine grained aggregates of 
epidote and occasionally lawsonite and pumpellyite. Clinopyroxene can 
compose up to 25% of the mode as a phenocryst or groundmass phase. 
Sometimes it displays ophitic texture with individual anhedral crystals 
varying up to 1.5mm, but more commonly it is found as a fine granular 
groundmass constituent. The clinopyroxene is pleochroic pale pink, 
indicative of titaniferous augite (fig.45). This type of augite has not 
been identified in the volcanic rocks of the Chilliwack Group on Church 
Mountain or in the Mount Liumption area. In well quenched basalt, the 
pyroxene forms curious hollow, partially developed crystals called 
swallowtail pyroxene (fig.46). Cox and others (1979) describe swallowtail 
pyroxene as being indicative of well quenched basalt. In extremely well 
quenched basalt, variolitic texture has developed (fig.47). Olivine may 
have been present in some of the basalt, but it has since been 
pseudomorphed by chlorite. Ilmenite was the opaque mineral in most of the 
basalt, although leucoxene, sphene, and hematite have replaced it. Because 
of the fine grained nature of the basalt, metamorphic minerals were 
difficult to identify, and an accurate assessment of the metamorphic grade 
could not be made.
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Figure 44. Disharmonic folding in ribbon chert of the chert/basalt 
unit exposed on the U.S.F.S. 3140 road.
Figure 45. T1taniferous-augite in basalt of the chert/basalt unit, 
pl=plagioclase, ta=titaniferous-augite, chl=ch1orite. Sample 
101-34; plane polarized light.
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Figure 46. Swallowtail pyroxene indicative of rapidly quenched 
basalt. Pyroxene has been pseudomorphed by chlorite. Sample 
101-182; plane polarized light.
Figure 47. Variolitic texture of very rapidly quenched basalt in the 
chert/basalt unit. Sample 101-205; plane polarized light.
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Clastic rocks, which form poor outcrops around the flanks of Bald 
Mountain and a small outcrop within the chert/basalt sequence, have been 
included in the discussion of the chert/basalt unit due to their 
dissimilarity with the Chilliwack Group and their close field association 
with cherts and basalts. These rocks may be part of the Bald Mountain 
Formation of Misch (1966), which crops out to the west of this area. The 
clastic rock assemblage consists of thin to thick beds of lithic arenite, 
pebble conglomerate, and siltstone, in decreasing order of abundance. 
Lithic arenite and pebble conglomerate are moderately to poorly sorted and 
contain an unusually large number of chert lithic fragments. Some of the 
chert fragments have abundant ghosts of radiolaria. Also present in the 
lithic arenite are volcanic rock fragments, which range in composition from 
andesite to basalt; some have quench textures similar to those in the 
chert/basalt unit. Argillite fragments are present in small amounts. 
Lawsonite, pumpellyite, chlorite, epidote, and calcite represent the 
metamorphic mineral assemblage, indicative of low- grade 
prehnite-pumpellyite facies.
Tectonite fabrics are poorly developed in the clastic rocks of the 
chert/basalt unit, except for an outcrop found in the southwest quarter of 
sec.17, T40N, R7E (fig.48). This outcrop has a well developed planar 
fabric defined by the alignment of flattened lithic fragments and the 
growth of fine grained white mica (fig.49). This outcrop appears to be 
completely encased by chert and basalt, and it has been interpreted as a 
tectonic block bounded by faults.
The association of ribbon chert with basalt is suggestive of a deeper 
marine environment than the Chilliwack Group. The low vesicularity of the 
basalt may also indicate extrusion in deep water (MoOre, 1965). The flow
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Figure 48. Tectonic block of cherty lithic arenite with a well 
developed tectonite fabric.
Figure 49. Photomicrograph of tectonized lithic arenite containing 
abundant chert fragments. Foliation is defined by flattened lithic 
fragments and the insipient growth of white mica. Sample 101-206c; 
crossed polars.
69
rocks appear to be basaltic in composition, but whether they are tholeiitic
or calcalkalic could not be determined due to the poor preservation of the
igneous phases. Lithologic associations suggest they may be tholeiitic,
representing ocean floor or deep back-arc basin basalts. The clastic rocks 
described with this unit may have been derived from a nearby arc bordering
the basalt floored basin. The Pennsylvanian age of the radiolaria makes a
correlation with the Chilliwack Group tempting, and Misch (personal
communication to Blackwell, 1983) has suggested the basalt/chert units to
the south of this area are a deeper water facies of the Chilliwack Group.
The chert/basalt unit described above fits the description of similar 
units found along the western flanks of the North Cascades. Blackwell's 
(1983) Elbow lake unit, cropping out in a linear band west of Loomis 
Mountain, consists of titaniferous-salite-bearing basalt, chert, and 
clastic rocks. Quench textures found in the Elbow Lake unit are very 
similar to those found in this area. Blackwell has correlated the Elbow 
Lake unit with lithologic packages found on Lyman Mountain, in an area 
south of Baker Lake, and on Haystack Mountain. Geochemical data generated 
by Cruver (1983) for the Haystack Mountain basalt led to a back-arc basin 
interpretation. These units all tend to be lithologically distinct from 
the Chilliwack Group, with which they have previously been correlated. 
Perhaps in the future the chert/basalt unit will attain the distinction of 
having its own name.
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TERTIARY INTRUSIVES
Unmetamorphosed dikes and sills are concentrated in the northcentral 
and northwest parts of the map area. These rocks are undeformed and cut 
structures in the Chilliwack Group rocks, which they intrude. The dikes 
range in thickness from Im to 10m; they are light gray to olive green in 
color. The rocks are andesitic porphyries with euhedral zoned plagioclase 
and hornblende phenocrysts up to 10mm in length (fig.50a,b). Hornblende 
and augite compose the phenocryst assemblage in the dikes of the 
northwestern part of the study area. The groundmass has felty, trachytic 
and hyaloophitic textures and is composed of microlites of plagioclase, 
grannular augite,and sometimes brown devitrified glass. No metamorphic 
minerals are present. Hornblende augite porphyry in the northwest corner 
of the area gave a K-Ar date of 51.1+1.8 Ma (Danner, written communication 
to Blackwell, 1984).
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Figure 50a. Light colored variety of porphyritic hornblende 
andesite, which exists as probable Tertiary dikes in the north- 
central part of the study area, pl=plagioclase, hb=hornblende. 
Sample 101-114.
Figure 50b. Photomicrograph of the hornblende andesite shown above. 




The major structures in the area include the Church Mountain thrust 
fault of Misch (1966), low angle faults that have brought the Yellow Aster 
Complex and possibly the chert/basalt unit into contact with the Chilliwack 
Group, and low angle faults within the Chilliwack Group that have brought 
younger rocks over older ones (fig.51). According to Misch (1966), a major 
zone of imbrication on a regional scale is found at the base of the Shuksan 
thrust (fig.52), and this is the structural setting of the Yellow Aster 
Complex. Although no rocks of the Shuksan suite were found in the study 
area, the Yellow Aster Complex is present and would suggest, by the Misch 
model, proximity to the Shuksan thrust.
Dense vegetation and surficial deposits in this area often do not 
allow precise locations of the faults. In such cases, the fault traces are 
approximately located by extrapolation from areas of better exposure or by 
bracketing with available outcrops.
CHURCH MOUNTAIN FAULT
Within the study area is the type locality for the Church Mountain 
thrust plate of Misch (1966). The thrust plate consists of Chilliwack 
Group and is interpreted to structurally overlie the Nooksack Group along 
the Church Mountain thrust fault.
I mapped this fault across the south face of Church Mountain with a 
good amount of confidence, owing to abnormally good exposure (fig.53). To 
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Figure 52. Schematic diagram representing the interpretation of 
the structural stratigraphy of the western North Cascades by 
Misch(1966).
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Figure 53, View of Church Mountain's south face showing the 
trace of the Church Mountain fault. Most of the visible out­
crop is Chilliwack Group volcanic sequence.
76
trace of the fault was bracketed by available outcrops of Chilliwack Group 
and Nooksack Group to the north and south, respectively. To the southwest 
of the study area, the fault disappears beneath the alluvium of the North 
Fork of the Nooksack River. To the south of the Nooksack River the fault 
is covered by Eocene Chuckanut Formation, as mapped by Misch (1966) and 
Johnson (1982). The fault that emerges from underneath the Chuckanut 
Formation, in the Lookout Mountain area, juxtaposes Nooksack Group with 
phyllite, as mapped by Rady (1981)(fig.54). The presence of apparent 
Shuksan Suite rocks above Nooksack Group and absence of the Chilliwack 
Group between the two in this area is a departure from the Misch model. To 
the east of my map area, Sevigny (1983) has mapped the fault across 
Excelsior Ridge into the Quartz Creek drainage. Here, the fault is low 
angle, dipping slightly to the northeast. At this time, the location of 
the fault in the depths of Quartz Creek has not been determined.
The trace of the fault on the south face of Church Mountain cuts the 
rugged topography with little deflection, indicating a steeply dipping 
plane (fig.55). Geometric solutions along the 6km of controlled fault 
reveal an attitude of N52°E, 75°NW in the western section, flattening to 
N70°E, 45°NW in the east. The trace of the fault as I have mapped it 
deviates from Misch's (1966) interpretation in the area from the head of 
Canyon Creek northeastward. A sketch map from Misch (1966) shows the trace 
of the fault arcing northward to northwestward in the vicinity of the 
eastern flank of Bearpaw Mountain, then into Canyon Creek where it cuts 
back to the northeast (fig.56). By his interpretation the eastern portion 
of Canyon Creek valley and the northeast trending spurs off the eastern 
portion of Canyon Ridge are Nooksack Group, whereas I have mapped these 
area to be in the Chilliwack Group (plate 1). Criteria I have used to
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Figure 54. Simplified geologic map showing extensions of 
the Church Mountain fault to the south (Rady, 1981) and to 
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Figure 56. Geologic sketch maps from Misch (1977) showing the trace 
of the Church Mountain thrust through the study area.
Cv, Cvs=Chilliwack Group, JKN=Nooksack Group, Tch=Chuckanut Formation
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distinguish these these rocks as the Chilliwack Group are listed on page 
42.
The Church Mountain fault is manifested by a zone up to several tens 
of meters wide of sheared argillite, sandstone, and sporadic sheared 
serpentinite. A traverse down a small draw west of Coal Creek allowed 
evaluation of deformational style across the fault (fig.57). Relatively 
undeformed, east-west striking, north dipping sandstone and siltstone of 
the Chilliwack Group become progressively more deformed toward the fault. 
Tight to isoclinal FI folds with north dipping axial planes increase in 
abundance toward the fault. Slatey cleavage becomes more conspicous in 
argillite approaching the fault. Mylonitic textures become well developed 
in close proximity to the fault, producing a tectonite fabric having an 
attitude of N80°E, 70° N. Thin lenticular calcite-albite segregations 
permeate th rock in the plane of foliation, and sandstone beds are 
boudinaged (fig.58a,b). A zone of serpentinite about 10m thick associated 
with highly sheared scaley argillite in a creek east of Coal Creek is 
interpreted to be situated along the main plane of the fault. Serpentinite 
was also found by Sevigny (1983) along this same fault zone in the Welcome 
Pass area to the east of Church Mountain (fig.54).
Fault-related deformation in the Nooksack Group is not as easily 
documented, because of the structureless nature of some of its units. 
Deformation appears to be restricted to the immediate vicinity of the 
fault. Away from the fault, these often massive strata display broad open 
folds.
The attitude of the fault plane in the Church Mountain area raises a 
question about the Misch interpretation of this fault as a thrust. By
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Figure 57. Detailed map showing trace of Church Mountain fault in the 
area of Coal Creek. PCv=Chil1iwack volcanic sequence, PCs=Chilliwack 




Figure 58a. Boudinaged sandstone in niylonitic matrix from 
the fault zone of the Church Mountain fault. Sample 101-273.
Figure 58b. Photomicrograph of blastornylonite collected from 
the Church Mountain fault zone. Sample 101-271.
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standard definitions, thrust faults have dips of less than 45 degrees. 
Here the Church Mountain fault dips considerably more steeply than this. 
Several hypotheses are possible to explain the steeply dipping nature of 
the fault.
Folded Thrust Model
The Church Mountain fault may be a true thrust fault, the attitude of 
which has been steepened by later folding or tilting about a northeast 
trending axis (fig.59). Bedding in the Chilliwack clastic sequence 
adjacent to the fault dips steeply northwest, coinciding with the steep dip 
of the fault, supporting the fold hypothesis (fig.60). The orientation of 
the supposed fold axis is similar to those of tight to isoclinal folds in 
the Chilliwack Group north of the fault, and it is possible that these 
folds were produced during the same event that folded the fault. However, 
this idea is difficult to substantiate because of the sparsity of 
structural data in critical areas. A plot of poles to Si (fig.61) in the 
area shows a concentration of northwest dipping cleavage planes with a weak 
southeast dipping component. This evidence may indicate post Sx folding 
about a northeast trending axis.
Another possibility is that the thrust was folded during an event 
which affected Eocene and older rocks in the region. However, axes of this 
folding in Tertiary rocks trend north or northwest, not northeast as 
required for the tilting of the Church Mountain thrust. An exception is a 
northeast trending anticline syncline pair mapped by S.Y.Johnson (1982) in 
the Chuckanut Formation west of this area, which, projected to the 






































Figure 60. 54 poles to bedding of the Chilliwack Group in the 
Church Mountain area, displayed on a contoured pi diagram.
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Figure 61. 90 poles to for the Chilliwack Group in the
Canyon Creek/Church Mountain area.
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Evidence against the folded thrust model is the apparent absence of 
folding of subhorizontal faults bounding the Yellow Aster Complex northwest 
of Church Mountain (fig.51).
Wrench-Thrust Model
The Church Mountain fault could be a wrench fault in the vicinity of 
Church Mountain, and become a thrust fault to the east in the Quartz Creek 
area (fig.62). At present, there is little evidence to support or detract 
from this hypothesis. Studies of mylonite fabric have not been carried 
out, but could be very useful in evaluating this possibility.
Faulted Thrust Model
According to this model the fault exposed on the south face of Church 
Mountain is a normal fault that intersects and offsets the Church Mountain 
thrust at depth (fig.63). This model was proposed because the steeply 
dipping fault on Church Mountain is subparallel to the post mid-Cretaceous 
Deadhorse Creek fault a short distance to the south, which has been mapped 
by Franklin (oral communication, 1983) and also the Boulder Creek fault to 
the northwest. Evidence against this model includes the high degree of 
deformation associated with the fault on Church Mountain and the presence 
of serpentinite, both of which suggest a fault of major proportion with 
significant motion.
Of the three hypotheses proposed for the Church Mountain fault, I tend 
to favor the folded thrust model.
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Figure 62. Sketch map depicting the Church Mountain fault as 
a wrench thrust fault. The steeply dipping section of the 
















In the western portion of the area, slabs of Yellow Aster Complex have 
been emplaced in the Chilliwack Group along subhorizontal faults. 
Exposures are poor in this area, and the location and attitude of these 
faults was deduced primarily from the distribution of outcrops, the fault 
zones themselves being not observable. On the ridge northwest of the 5281' 
hill, good exposures reveal the plate-like geometry of the Yellow Aster 
Complex (YAC). On this ridge, about .25km south of the border, a klippe of 
gabbro and felsic gneiss overlies sheared amygdaloidal basic rocks of the 
Chilliwack Group. A boudin of dacite in the sheared basic rock below the 
fault documents the great stresses imparted to this sequence during the 
emplacement of the Yellow Aster Complex (fig.64). Tectonite fabrics in 
serpentinite and greenstone on the 5281' hill strike east-west and dip 25*’ 
degrees to the south, and are roughly coplanar with the body of YAC in this 
area.
In the Kidney Creek area, YAC lithologies crop out again in fault 
contact with Chilliwack Group clastic rocks. This pod-shaped tectonic body 
is probably shares the fault zone bounding the Yellow Aster Complex bodies 
to the north, since it lies within the projected plane of the Yellow Aster 
Complex body to the north. Underlying this unit on its east margin is 
thinly bedded sandstone and siltstone of the Chilliwack Group. Fossils 
resembling Thamnopora (Danner, oral communication, 1983) were found in a 
limestone outcrop in the vicinity and sugggest a Devonian age. Overlying 
the YAC body is an unfossiliferous sequence of thin bedded to massive 
volcanic arenite, which is believed by Misch (1966) to be Nooksack Group. 
Due to the reconnaissance nature of my mapping in this location, I could 
not confirm this determination. It does appear that the sedimentary
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Figure 64. Road-cut northwest of the 5281' hill where the 
base of a Yellow Aster Complex klippe is exposed above sheared 
greenstone and dacite of the Chilliwack Group.
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sequence overlying the YAC is allochthonous, as it also overlies volcanic 
and sedimentary rocks of the Chilliwack Group.
The chert/basalt unit lies to the west of the YAC slab along the 
western margin of the area (plate 1). This unit is believed to be 
allochthonous, although very poor exposures in this area do not allow for 
an accurate determination of the geometry of the unit. A high angle fault 
in the northeast quarter of section 8, T40N, R7E has abutted the 
chert/basalt unit against the felsic gneiss and gabbro of the YAC (fig.65). 
The north-south trend of this fault coincides with and is roughly aligned 
with a high angle serpentinized fault in the YAC of the Kidney Creek area. 
These faults may be related and possibly represent tear faults produced 
during the thrusting event that emplaced the YAC and chert/basalt unit. If 
the fault in section 8 is continous through the area, the entire 
chert/basalt unit may be juxtaposed with the YAC along a high angle fault. 
The base of the chert/basalt unit is not exposed, and it may be 
presumptuous to assume that this unit has a thrust plate geometry similar 
to the YAC slab.
The thick volcanic sequence that caps Church Mountain is separated 
from Devonian clastic rocks and limestone of the Chilliwack Group by a 
fault, manifested by a series of shear zones which are coplanar with the 
Church Mountain fault on the south face of Church Mountain. The entire 
volcanic cap of Church Mountain appears to be a klippe. This structural 
feature may be a continuation of the Liumption Nappe, established by Monger 
(1966), which is the structurally lowest of a series of nappes in the 
Chilliwack River valley of southern British Columbia (fig.66). Volcanic 
rocks in the Mount Liumption area and in the extreme northwestern corner of
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Figure 65. Detailed map of the steeply dipping fault that 
separates the chert/basalt unit from the Yellow Aster Complex 
in section 8, T40M, R7E.
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Figure 66. Schematic diagram of structural units in the 
Chilliwack Valley, British Columbia; from Monger,1966,
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my area are also believed to be part of this structural feature. The fault 
along which this nappe was emplaced was not intersected by traverses in the 
northern portion of the area. The notion that the thick volcanic sequence 
rests in thrust fault contact with underlying rocks was originally 
conceived by Daly (1912), and he based this notion on the regionally 
extensive nature of the volcanic body
HIGH ANGLE FAULTS
Faults of high angle nature have been inferred in the Canyon 
Creek/Church Mountain area. Except for the previously described high angle 
fault that juxtaposes the chert/basalt unit with the YAC, little motion can 
be demonstrated on these faults. Probable high angle faults along Canyon 
Ridge are manifested as notches in the ridge, and they most likely control 
the north to northeast trending creeks that flow north off Canyon Ridge. 
Poor exposure and lack of marker beds make the determination of relative 
motion along these inferred faults impossible. Only in one location, 1km 
west of the 5658' hill, was any possible offset of a lithologic unit noted 
(plate 1). Systematic joints with NNE strikes and steep to vertical dips 
in the clastic rocks of the northeastern portion of the area may be related 
to these high angle faults.
MINOR STRUCTURES
Mesoscopic folding is best exhibited in thinly bedded clastic rocks of 
the Canyon Creek/Church Mountain area. Small scale, tight to isoclinal 
folds in this area are invariably FI folds and may have poorly developed 
axial planar cleavage. A stereonet plot of FI fold axes displays a 
dominant trend of N7^E plunging 10° to the northeast (fig.67). Axial
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Figure 67. Contoured stereographic projection of 14 fold 
axes in the Chilliwack Group of the Canyon Creek/Church Mountain 
area displaying a maximum at N75 E, 10 NE.
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plane orientations of these folds are quite variable, ranging from upright 
to recumbent. Only in areas of exceptional exposure can fold axes be 
measured, but the existence of folds in poorly exposed strata is made 
evident through a plot of poles to bedding for the south slope of Canyon 
Ridge (fig.68). The pattern reflects folding about subhorizontal northeast 
trending axes. A plot of poles to bedding for the northeast portion of the 
area shows a concentration of southeast dipping beds with fewer northwest 
dipping ones (fig.69). This pattern may have resulted from folds that have 
been overturned to the northwest.
The development of cleavage in the Chilliwack Group in this area is 
related to the first deformation (Dj). The existence of cleavage depends 
on the lithology: volcanic flows rarely show any cleavage, massive 
sandstones may have poorly developed fracture cleavage; whereas and tuffs 
and other fine grained clastic rocks have fair to well developed cleavage. 
Bedding is subparallel to cleavage, a phenomenon which has been noted in 
other locations in the Chilliwack Group (Monger, 1966; Blackwell, 1983).
A comparison of figure 61 with a plot of poles to bedding in the Church 
Mountain area (fig.60) displays this subparallel nature.
A second deformational event (D2) that has been recorded in the region 
is not well documented in this area. This deformational event may be 
responsible for the small high angle faults and broad open F2 folds. F2 
folds are described as such, because they fold S^cleavage in some rocks or 
because of their open nature and orientation. Not enough data could be 
collected to make any valid statistical determinations on the trend of 
these folds, but they seem to generally trend north, across the D^axes, and 
thus increase the the structural complexity of this area. If this
Figure 68. 102 poles to bedding of the Chilliwack Group on 
the south slope of Canyon Ridge displayed on a contoured pi 
diagram.
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Figure 69. 73 poles to bedding of the Chilliwack Group on the
eastern portion of Canyon Ridge and adjoining northeast trending 
ridges displayed on a contoured pi diagram.
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deformation has extensively affected the rocks, it should scatter the poles
to cleavage produced by the first deformation. Figure 61 shows a good 
concentration of poles to S^, and a plot of axial planes to folds shows
limited scatter (fig.70). It appears the second deformation was not
pervasive in this area.
Figure 70. 11 poles to F^axial planes in the Chilliwack Group
displayed on a pi diagram.
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SUMMARY and CONCLUSIONS
The Canyon Creek/Church Mountain area is dominated by lithologies of 
the Devonian to Permian Chilliwack Group. These rocks have been faulted 
against those of the late Jurassic to early Cretaceous Nooksack Group along 
the steeply dipping Church Mountain fault. Meta-intrusive rocks of the 
Yellow Aster Complex have been emplaced in Chilliwack rocks along low angle 
faults, and are locally abutted with the chert/basalt unit by a high angle 
fault.
Within the map area, the Chilliwack Group consists of volcaniclastic, 
volcanic, and limestone sequences. The lowest sequence is of turbidite 
nature, consisting of thinly bedded sandstone and laminated siltstone. 
Devonian limestone crops out in the lower portion of this sequence. 
Mississippian-Pennsylvanian limestone overlies this clastic sequence and is 
overlain by thickly bedded to massive sandstone and conglomerate of the 
upper clastic sequence. In the Mount Liumption area a thick volcanic 
sequence overlies the Mississippian-Pennsylvanian limestone. Permian 
limestone in the northern portion of the area overlies the upper clastic 
sequence; it is locally overlain by volcanic rocks. The Chilliwack Group 
represents subaqueous to subaerial deposition in the vicinity of a volcanic 
arc. The metamorphic mineral assemblages, consisting of chlorite, albite, 
pumpellyite, epidote, lawsonite, and aragonite, represent prehnite- 
pumpellyite facies metamorphism for the Chilliwack Group.
The Nooksack Group is restricted to the southern portion of the map 
area. It is structurally below the Chilliwack Group. These rocks are
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distinguishable from Chilliwack Group clastic rocks in this area by their 
lithologic characteristics, lower degree of deformation, lack of carbonate 
units, and their fossiliferous nature. Massive pebbly siltstone, volcanic 
and arkosic arenite, and cobble conglomerate make up the Nooksack Group in 
this area. Belemnite molds, Buchia fossils, and Pleuromya fossils are 
found in most lithologies. The Nooksack Group has been metamorphosed to 
prehnite-pumpellyite facies.
Meta-intrusive rocks correlative with the Yellow Aster Complex are in 
thrust fault contact with the Chilliwack Group in the western portion of 
this area. These tabular tectonic bodies consist of older felsic gneiss 
that has been intruded by hornblende gabbro, diorite, leucogranite, and 
trondhjemite. Greenstone dikes cross-cut all of the lithologies. 
Serpentinite is found along the margins of the YAC bodies, and in some 
instances has a foliation coplanar with the attitude of the YAC slab. The 
Yellow Aster Complex in this area displays the effects of three periods of 
metamorphism. The felsic gneiss, containing clinopyroxene, is most likely 
the product of amphibolite facies metamorphism. This metamorphism may have 
also affected the intrusive phases, but the primary mineralogy of these 
rocks would have been stable under those conditions. Actinolite and 
epidote, found in most lithologies, represent greenschist facies. 
Prehnite-pumpellyite facies overprinting is indicated by prehnite veinlets 
and occasional pumpellyite and lawsonite.'
The chert/basalt unit is a sequence of slightly amygdaloidal basalt 
and ribbon chert. Cherty lithic arenite associated with the chert/basalt 
unit is believed to have been tectonically emplaced. This unit has been 
mapped apart from the Chilliwack Group; the distinction is made by the 
mineralogical and textural characteristics and the deeper marine facies of
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the chert/basalt unit. Titaniferous augite and well developed quench 
textures are features of the basalt in this unit. Metamorphism to the 
prehnite- pumpellyite facies has affected the rocks of the chert/basalt 
unit.
Major structures in the map area consist of steeply dipping faults and 
low angle faults. The dominant fault in the area juxtaposes the Chilliwack 
Group with the Nooksack Group. It is exposed on the south face of Church 
Mountain. This northeast striking fault dips steeply to the northwest on 
Church Mountain but tends to flatten to the east along strike. The steeply 
dipping nature of the fault may have resulted from the tilting or folding 
of an originally low angle fault. Other interpretations for the Church 
Mountain fault, such as a wrench fault or a faulted thrust, cannot be 
precluded without more detailed work. Exposures are sufficient on Church 
Mountain to merit detailed structural analyses along the fault.
Low angle faults in the area have brought the Yellow Aster Complex in 
contact with the Chilliwack Group and younger rocks in contact with older 
ones within the Chilliwack Group. The Yellow Aster Complex exists as 
klippen and a fault bounded block, probably occupying the same fault zone 
in the western portion of the map area. These bodies dip gently to the 
south. The thick volcanic sequence on Church Mountain is separated from 
older clastic rocks by low angle faults. The chert/basalt unit may have a 
slab-like geometry similar to the Yellow Aster Complex bodies, but is 
locally juxtaposed with the YAC by a high angle fault. More detailed work 
is needed in the western portion of the map area to gain a better 
understanding of the relationships between the chert/basalt unit and the 
Yellow Aster Complex and the Chilliwack Group.
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